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POWER CONVERSION DEVICE WITH
RIPPLE FILTERING

TECHNICAL FIELD

The present invention relates to a power conversion
device, and more particularly relates to a power conversion
device including a converter and an inverter.

BACKGROUND ART

Conventionally, an uninterruptible power supply device is
widely used as a power supply device for stably supplying
AC power to a fundamental load such as a computer system.
As shown in, for example, Japanese Patent Laying-Open
No. 7-298516 (PTL 1), an uninterruptible power supply
device generally includes a converter for converting com-
mercial AC power into DC power, and an inverter for
converting DC power into AC power for supply to a load. In
a normal state where commercial AC power is supplied, DC
power generated in the converter is supplied to the inverter
and is also stored in a battery. In a power interruption state
where supply of commercial AC power is interrupted, the
converter is stopped operating, and DC power is supplied
from the battery to the inverter.

CITATION LIST
Patent Literature
PTL 1: Japanese Patent Laying-Open No. 7-298516
SUMMARY OF INVENTION
Technical Problem

Such an uninterruptible power supply device is provided
with a capacitor for smoothing the voltage of a power supply
node between the converter and the inverter. The capaci-
tance value of the capacitor is set at a sufficiently large value
such that a ripple voltage will not be caused at the power
supply node when the inverter supplies AC power to the
load.

However, the capacitor will be more expensive as the
capacitor is increased in capacitance value. In order to
reduce the device cost, it is necessary to reduce the capacitor
in capacitance value to such an extent that the life of the
device and the load will not be adversely affected.

Moreover, some uninterruptible power supply devices are
provided with a control unit for controlling the converter
such that an input voltage and an input current to the
converter are in phase in order to achieve improved effi-
ciency. With such a device, when a ripple voltage is caused
at the power supply node by reducing the capacitor in
capacitance value, distortion of waveform of input current
will be increased, which degrades efficiency. As a method
for solving this phenomenon, providing a low order filter for
rejecting a ripple voltage between the power supply node
and the control unit is conceivable, however, that method
will degrade the control unit in responsiveness and reduce
efficiency.

It is therefore a main object of the present invention to
provide a low-cost, highly-efficient power conversion
device.

Solution to Problem

A power conversion device according to the present
invention includes a converter for converting first AC power
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into DC power, an inverter for converting the DC power into
second AC power, a capacitor for smoothing a voltage of a
power supply node between the converter and the inverter,
a filter for rejecting, in the voltage of the power supply node,
a ripple voltage of a predetermined frequency to generate a
DC voltage, and a control unit for controlling the converter
such that the DC voltage matches a target voltage. The filter
includes an extraction unit for extracting the ripple voltage
from the voltage of the power supply node, and a subtraction
unit for subtracting the ripple voltage extracted by the
extraction unit from the voltage of the power supply node to
generate the DC voltage.

Preferably, the extraction unit includes a coordinate trans-
formation unit for transforming a coordinate of the voltage
of the power supply node from a stationary coordinate to a
rotating coordinate rotating at the predetermined frequency,
a low order filter for rejecting an AC component in the
voltage of the power supply node on the rotating coordinate,
and a coordinate inverse transformation unit for inversely
transforming the coordinate of an output voltage of the low
order filter from the rotating coordinate to the stationary
coordinate to generate the ripple voltage.

More preferably, the predetermined frequency is twice a
frequency of an output voltage of the inverter.

Still more preferably, the voltage of the power supply
node further contains an AC component of a switching
frequency of the inverter, and the filter rejects, in the voltage
of the power supply node, the ripple voltage and the AC
component of the switching frequency of the inverter to
generate the DC voltage.

Still more preferably, the control unit controls the con-
verter such that an input voltage and an input current to the
converter are in phase and that the DC voltage matches the
target voltage.

Still more preferably, the first AC power is supplied from
a commercial AC power supply. In a normal state where the
first AC power is supplied from the commercial AC power
supply, the DC power is supplied to the converter and is
stored in a power storage device. In a power interruption
state where supply of the first AC power from the commer-
cial AC power supply is interrupted, the converter is stopped
operating, and the DC power is supplied from the power
storage device to the converter.

ADVANTAGEOUS EFFECTS OF INVENTION

With the power conversion device according to the pres-
ent invention, a ripple voltage of a predetermined frequency
is extracted from the voltage of the power supply node
between the converter and the inverter, the extracted ripple
voltage is subtracted from the voltage of the power supply
node to generate a DC voltage, and the converter is con-
trolled such that the DC voltage matches a target voltage.
Since the influence of a ripple voltage, if caused at the power
supply node, can thereby be removed, the capacitance value
of the capacitor can be reduced to achieve cost reduction.
Moreover, since only the ripple voltage of a predetermined
frequency is rejected in the voltage of the power supply
node, the responsiveness of the control unit will not dete-
riorate, and efficiency will not be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit block diagram showing a principal
portion of an uninterruptible power supply device according
to an embodiment of the present invention.
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FIG. 2 is a waveform diagram of a ripple voltage caused
at a power supply node shown in FIG. 1.

FIG. 3 is a block diagram showing a structure of a 2f
rejection filter shown in FIG. 1.

FIG. 4 is a circuit block diagram showing a comparative
example of the embodiment.

DESCRIPTION OF EMBODIMENTS

An uninterruptible power supply device of the present
embodiment includes an input terminal T1, a battery termi-
nal T2, an output terminal T3, breakers 1, 10, inductors 2, 4,
capacitors 3, 7, current sensors 5, 9, a converter 6, an
inverter 8, and a converter control unit 11, as shown in FIG.
1.

Input terminal T1 receives an AC voltage VAC1 from a
commercial AC power supply 31. A battery 32 has its
positive electrode connected to battery terminal T2. Battery
32 has its negative electrode connected to a line of reference
voltage. An important load 33 such as, for example, a
computer is connected to output terminal T3.

It is noted that, since the present invention relates to
control of converter 6, the structure relevant to control of
inverter 8 is not illustrated for the sake of simplifying the
illustration and description. Although commercial AC power
supply 31 outputs a three-phase AC voltage, the structure
and operation for one phase alone will be described for the
sake of simplifying the illustration and description. Inverter
8 may output a single phase AC voltage alone, or may output
a three-phase AC voltage.

Breaker 1 has its one terminal connected to input terminal
T1, and its other terminal connected to the input node of
converter 6 with inductors 2 and 4 interposed therebetween.
Breaker 1 is turned on during use of the uninterruptible
power supply device, and is turned off during maintenance
of the device and the like.

Capacitor 3 has its one terminal connected to a node
between inductors 2 and 4, and its other terminal connected
to the line of reference voltage. Inductors 2, 4 and capacitor
3 constitute an input filter (low-pass filter) for passing AC
voltage VAC1 from commercial AC power supply 31 to
converter 6 and cutting off noise of switching frequency
(e.g., 10 kHz) caused in converter 6. This prevents the noise
of switching frequency caused in converter 6 from flowing
to commercial AC power supply 31 side to adversely affect
another electric instrument.

Current sensor 5 is provided between inductor 4 and
converter 6, and detects an input current IR to converter 6 to
supply a signal indicating a detection result to converter
control unit 11. Converter 6 is controlled by a PWM (Pulse
Width Modulation) signal from converter control unit 11,
and converts AC power from the commercial AC power
supply into DC power for supply to inverter 8. Converter 6
is a well-known converter including a plurality of IGBTs
(Insulated Gate Bipolar Transistors).

Capacitor 7 is connected between a power supply node
N1 between converter 6 and inverter 8 and the line of
reference voltage to smooth a voltage V1 of power supply
node N1. Inverter 8 is controlled by a PWM signal from an
inverter control unit (not shown), and converts DC power
from converter 6 or battery 32 into AC power of commercial
frequency, and supplies the AC power to load 33 through
output terminal T3. Inverter 8 is a well-known inverter
including a plurality of IGBTs. Load 33 is driven by the AC
power supplied from inverter 8.

Power supply node N1 is connected to converter control
unit 11, and is also connected to battery terminal T2 with
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breaker 10 interposed therebetween. Breaker 10 is turned on
during use of the uninterruptible power supply device, and
is turned off during maintenance of the device and the like.

In a normal state where AC power is supplied from
commercial AC power supply 31, battery 32 stores DC
power supplied from converter 6 through breaker 10. In a
power interruption state where the supply of commercial AC
power from commercial AC power supply 31 is interrupted,
battery 32 supplies DC power to inverter 8 through breaker
10. This allows AC power to be supplied to load 33 during
a period in which electric power is left in battery 32 even in
a power interruption.

Current sensor 9 is provided between power supply node
N1 and breaker 10, and detects a current IB flowing from
power supply node N1 to battery 32 to supply a signal
indicating a detection result to converter control unit 11.

Converter control unit 11 detects AC voltage VAC1 of
input terminal T1 and voltage V1 of power supply node N1.
Converter control unit 11 controls converter 6 such that
voltage V1 of power supply node N1 matches a target
voltage (e.g., 400V), the waveform of input current IR of
converter 6 is sinusoidal, and input voltage VAC1 and input
current IR to converter 6 are in phase. When input voltage
VACI1 and input current IR to converter 6 are brought into
phase, the power factor will be 1.0, and efficiency will be
improved. Converter control unit 11 also controls converter
6 such that current IB flowing from power supply node N1
to battery 32 matches a target current (e.g., 10 A).

In such an uninterruptible power supply device, the
capacitance value of capacitor 7 is usually set at a suffi-
ciently large value such that voltage V1 of power supply
node N1 is a constant DC voltage. However, to reduce the
cost of the device, the capacitance value of capacitor 7 is set
at a small value in some cases to such an extent that the life
of capacitor 7 and load 33 will not be adversely affected.

In such a case, when inverter 8 supplies AC power to load
33, a ripple voltage Vrp of a frequency 2f (in this case, 100
Hz) which is twice a frequency f (e.g., 50 Hz) of an AC
voltage VAC2 output from inverter 8 is produced, as shown
in FIG. 2. Ripple voltage Vrp varies sinusoidaily, whose
voltage magnitude is 15V, for example. Ripple voltage Vrp
is superimposed on a DC voltage VDC (e.g., 400V). It is
noted that noise of switching frequency (e.g., 10 kHz) of
inverter 8 is also caused at power supply node N1.

Converter control unit 11 is formed by a DSP (Digital
Signal Processor) 12 and an FPGA (Field Programmable
Gate Array) 18. DSP 12 includes a 2f rejection filter 13, a
filter 14, a battery charging current control unit 15, a DC
voltage control unit 16, and an input current command
generation unit 17. FPGA 18 includes an input current
control unit 19.

21 rejection filter 13 includes an extraction unit 13a for
extracting ripple voltage Vrp from voltage V1 of power
supply node N1, and a subtracter 135 for subtracting ripple
voltage Vrp from voltage V1 of power supply node N1 to
generate DC voltage VDC.

Extraction unit 13« includes a signal generation unit 20,
a coordinate transformation unit 21, a filter unit 22, and a
coordinate inverse transformation unit 23, as shown in FIG.
3. Signal generation unit 20 generates a cosine wave signal
¢S (=2 sin2wt) and a sine wave signal ¢C (=V2 cos2mt).
Signals ¢S and ¢C each have frequency 2f twice frequency
f of output voltage VAC2 of inverter 8.

Coordinate transformation unit 21 transforms the coordi-
nates of voltage V1 of power supply node N1 from station-
ary coordinates to rotating coordinates rotating at a fre-
quency twice frequency f of the output voltage of inverter 8.
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That is, coordinate transformation unit 21 includes a mul-
tiplier 214 for multiplying voltage V1 of power supply node
N1 by cosine wave signal ¢S to generate a voltage VS1, and
a multiplier 215 for multiplying voltage V1 of power supply
node N1 by sine wave signal ¢C to generate a voltage VCI.
On the rotating coordinates, voltage V1 of power supply
node N1 is expressed by output voltages VS1 and VC1 of
multipliers 21a and 215.

Filter unit 22 includes a low order filter 22a for rejecting
an AC component in output voltage VS1 of multiplier 21a,
and a low order filter 225 for rejecting an AC component in
output voltage VC1 of multiplier 2156. AC components of
frequencies other than frequency 2f twice frequency f of the
output voltage of inverter 8 are thereby rejected. On the
rotating coordinates, ripple voltage Vrp caused at power
supply node N1 is expressed by output voltages VS2 and
VC2 of low order filters 22a and 225.

Coordinate inverse transformation unit 23 inversely trans-
forms the coordinates of output voltage VS2 and VC2 of low
order filters 22a and 2256 from the rotating coordinates to
stationary coordinates to generate ripple voltage Vrp. That
is, coordinate inverse transformation unit 23 includes a
multiplier 23a for multiplying output voltage VS2 of low
order filter 22a by cosine wave signal ¢S to generate a
voltage VS3, a multiplier 235 for multiplying output voltage
VS2 of low order filter 225 by cosine wave signal ¢C to
generate a voltage VC3, and an adder 23¢ for adding output
voltages VS3 and VC3 of multipliers 234 and 235 to
generate ripple voltage Vrp.

Ripple voltage Vrp is given to subtracter 135 shown in
FIG. 1. Subtracter 1356 subtracts ripple voltage Vrp from
voltage V1 of power supply node N1 to generate DC voltage
VDC. Filter 14 is a high pass filter for rejecting noise of
switching frequency of inverter 8 caused at power supply
node N1 while inverter 8 is operated, and the like.

Battery charging current control unit 15 outputs a current
control signal based on the output signal from current sensor
9 such that current 1B flowing from power supply node N1
to battery 32 matches a battery current reference value. DC
voltage control unit 16 receives the output signal from
battery charging current control unit 15 and DC voltage
VDC obtained by rejecting noise by filter 14 to output a
voltage control signal such that DC voltage VDC matches a
DC voltage reference value (target voltage).

Input current command generation unit 17 receives AC
voltage VAC1 from commercial AC power supply 31,
voltage V1 of power supply node N1, and the output signal
from DC voltage control unit 16. Input current command
generation unit 17 adds an inverter active component current
feed forward to the output signal from DC voltage control
unit 16, and further, multiplies the summation by a moving
average value of one cycle of voltage V1 of power supply
node N1 to generate a DC command value. Adding the
inverter current feed forward is intended for compensation
for a phase delay of input current IR to converter 6.

Input current command generation unit 17 also computes
an effective value of AC input voltage VAC1, and divides the
DC command value by that effective value to generate an
input current effective value command. Input current com-
mand generation unit 17 further performs UVW-DQ con-
version on the input current effective value command to
generate a DC input current effective value command, and
generates an AC input current command based on that DC
input current effective value command and AC input voltage
VACI1. The AC input current command varies sinusoidally,
and is in phase with AC input voltage VAC1. The input
current command is limited to a level lower than a prede-
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termined upper limit value by a current command limiter of
input current command generation unit 17, and is given to
input current control unit 19.

Input current control unit 19 receives the output signal
from current sensor 5 and the input current command from
input current command generation unit 17 to generate a
current command signal such that input current IR to con-
verter 6 matches the input current command. Input current
control unit 19 further corrects the current command signal
based on AC input voltage VAC1 so as to compensate for the
phase delay of input current IR to converter 6, and converts
the corrected current command signal into a PWM signal for
supply to converter 6. Converter 6 converts AC power from
commercial AC power supply 31 into DC power in accor-
dance with the PWM signal from input current control unit
19. Input current IR to converter 6 thereby varies sinusoi-
dally, and input voltage VAC1 and input current IR to
converter 6 are brought into phase.

FIG. 4 is a circuit block diagram showing a structure of
an uninterruptible power supply device serving as a com-
parative example of this embodiment to be compared with
FIG. 1. The difference of this comparative example from the
embodiment resides in that 2f rejection filter 13 is not
provided. Filter 14 is a high pass filter for rejecting noise of
high frequency such as the switching frequency of inverter
8. Therefore, voltage fluctuations at low frequency as in
ripple voltage Vrp are transmitted to DC voltage control unit
16 passing through filter 14.

Ripple voltage Vrp is amplified by DC voltage control
unit 16, and is superimposed on the input current effective
value command. When DQ-UVW conversion is performed
on the input current effective value command including
ripple voltage Vrp of 100 Hz (frequency 2f) to generate an
AC input current command, a ripple of 150 Hz (frequency
31) is superimposed on the input current command. This
ripple distorts the waveform of input current IR. Although
the defined value of distortion rate of input current IR is less
than or equal to 3% as a whole, the actual measurement of
distortion rate of input current IR in the comparative
example deteriorated to 5% as a whole.

If filter 14 is implemented by a low order filter (about 5
rad/s), ripple voltage Vrp could be rejected by filter 14. In
that case, however, the responsiveness of DC voltage control
unit 16 (about 100 rad/s in proportional control, and about
20 rad/s in integral control) could no longer be satisfied.

In contrast, according to the present invention in which 2f
rejection filter 13 for rejecting ripple voltage Vrp alone is
added, the distortion rate of input current can be reduced
without degrading the responsiveness of DC voltage control
unit 16. According to the present invention, an actual
measurement of distortion rate of input current IR was less
than or equal to 2.0% as a whole. Moreover, since capacitor
7 with a small capacitance value can be used, the device
price can be reduced.

It should be understood that the embodiment disclosed
herein is illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the claims not
by the description above, and is intended to include any
modification within the meaning and scope equivalent to the
terms of the claims.

REFERENCE SIGNS LIST

1, 10 breaker; 2, 4 inductor; 3, 7 capacitor; 5, 9 current
sensor; 6 converter; 8 inverter; 11 converter control unit; 13
2f rejection filter; 13a extraction unit; 136 subtracter; 14
filter; 15 battery charging current control unit; 16 DC
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voltage control unit; 17 input current command generation
unit; 19 input current control unit; 20 signal generation unit;
21 coordinate transformation unit; 21a, 214, 23a, 235 mul-
tiplier; 22 filter unit; 22a, 225 low order filter; 23 coordinate
inverse transformation unit; 23¢ adder; 31 commercial AC
power supply; 32 battery; 33 load; N1 power supply node;
T1 input terminal; T2 battery terminal; T3 output terminal.

The invention claimed is:

1. A power conversion device comprising:

a converter configured to convert first AC power into DC 10

power for output to a power supply node;

an inverter configured to convert said DC power supplied
from converter through said power supply node into
second AC power;

a capacitor connected between said power supply node
and a line of reference voltage, wherein
a capacitance value of said capacitor is set at a smaller

value than a capacitance value to smooth a voltage of
said power supply node, and

the voltage of said power supply node is a voltage
obtained by superimposing, on a DC voltage, a ripple
voltage varying sinusoidally at a frequency twice a
frequency of an output voltage of said inverter,

a filter configured to receive the voltage of said power
supply node and reject said ripple voltage in the
received voltage to pass a DC voltage component; and

a control circuit configured to control said converter such
that said DC voltage component passed through said
filter matches a target voltage,

said filter including:
an extraction circuit configured to extract said ripple

voltage from the voltage of said power supply node,
and

a subtraction circuit configured to subtract said ripple
voltage extracted by said extraction circuit from the
voltage of said power supply node to generate said
DC voltage component,

said extraction circuit including;

a coordinate transformation circuit configured to trans-
form a coordinate of the voltage of said power
supply node from a stationary coordinate to a rotat-
ing coordinate rotating at the frequency twice the
frequency of the Output voltage of said inverter,

a low order filter configured to reject an AC component
in the voltage of said power supply node on said
rotating coordinate, and
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a coordinate inverse transformation circuit configured
to inversely transform the coordinate of an output
voltage of said low order filter from said rotating
coordinate to said stationary coordinate to generate
said ripple voltage, wherein said filter is imple-
mented by a digital signal processor (DSP).

2. The power conversion device according to claim 1,

wherein

the voltage of said power supply node further contains an
AC component of a switching frequency of said
inverter, and

said filter rejects, in the voltage of said power supply
node, said ripple voltage and the AC component of the
switching frequency of said inverter to pass said DC
voltage component.

3. The power conversion device according to claim 1,
wherein said control circuit controls said converter such that
an input voltage and an input current to said converter are in
phase and that said DC voltage component matches said
target voltage.

4. The power conversion device according to claim 1,
wherein

said first AC power is supplied from a commercial AC
power supply,

in a normal state where said first AC power is supplied
from said commercial AC power supply, said DC
power is supplied to said inverter and is stored in a
power storage device, and

in a power interruption state where supply of said first AC
power from said commercial AC power supply is
interrupted, said converter stops operating, and the DC
power is supplied from said power storage device to
said inverter.

5. The power conversion device according to claim 1,
wherein the capacitor is connected between said power
supply node and ground.

6. The power conversion device according to claim 1,
further comprising:

another capacitor, wherein a first node of the another

capacitor is connected between a power supply and the
converter, and a second node of the another capacitor is
connected to ground.
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